In determining flow curves via measurements between concentric cylinders, the rheological properties shear stress 1: and shear rate y are determined from the torque Mi and angular rotation rate ffij. As shown in eq.
(1), the shear stress is proportional to the torque. The shear rate, which is calculated from the gradient of the angular rotation rate 8ffi/8r in the gap (eq. (2)), can only be determined directly for narrow gap rhea meters. When using a wide gap Couette a different approach must be used because y is not constant, but instead varies in an unknown way from the inner to the outer cylinder. Two methods are possible: In Table 1 , two new eqs. (5) and (7) are introduced for describing flow between concentric cylinders. To obtain exact solutions, rather than approximations, each of the equations is expressed as an infinite Using these equations and measured values of ffij (Mj), one can determine the equation parameters (to, K, n, or A and B) using least squares approximations. The nonlinearity inherent in the relationships requires that one use an iterative procedure. Good results have been obtained using an algorithm reported by Levenberg and Marquardt (see reference [3] ). Figure 1 shows measured curves and fits of eqs. (5) and (7), respectively, of the angular velocity as a function of torque for a flotation tailings suspension. The Herschei-Bulkley equation provides the best fi t of the experimental data; the measured points actually completely cover the Herschei-Bulkley curve . The corresponding flow curve is shown in Fig. 2 ; it lies on top of the flow curve calculated according to Krieger's method. The Prandti-Eyring fit shown in Fig. 1 does not show the same excellent agreement with the measured data and the corresponding flow curve deviates significantly from the Herschei-Bulkley equation.
The flow curve calculated by the instrument itself does not agree at all with the true data. The viscometer software calculates the flow curve using the Margules equation, which is only valid for Newtonian fluids. This brings into question a practice that is often seen in the literature: applying constitutive equations to flow curves that have been calculated using software included with the viscometer.
Practical Applications
The German mining industry uses equipment that pumps various finely dispersed residues as a concentrated slurry. The suspension i s conveyed from surface sites into underground cavities for material recycling and/or stowing (for further details, see reference [4] ). The procedure is shown in Fig. 3 . From the various residues, a highly concentrated slurry with a solids volume fraction over 50 % is obtained by processing the ingredients in a mixer. The slurry has Schubspannungjshear stress:
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lm Sonderfall ;1n the special case 1/n=1, 2, 3, 4 .... : 
Ringraumstromungjflow between concentric cylinders:
Durch Einsetzen von (6) in (2) entsteht wiederum eine Differential gleichung. Nach Substitution mit t= 1/r2 lal3t sich die Differential gleichung analog zur lntegralexponentialfunktion entwickeln. Hieraus folgt:
By substituting (6) in (2), one again obtains a differential equation.
After substituting t = 1 /r2, the differential equation can be develo ped analogously to an integral exponential function. The result is: Schubspannung/shear stress [Pal 1:0 Fliel3grenze/yield stress [Pal pronounced non-Newtonian flow properties. After provisional storage in a large agitated tank, the slurry is conveyed using a hydraulic reciprocating pump through several kilometers of piping into an underground area (Typical data are: pipeline length 7 000 m; pipe diameter 200 mm; total pressure loss up to 250 bar; conveying capacity 100 m 3 /h).
For successful operation, the flow properties of the slurry must be precisely matched to the conveying equipment operating parameters. If the flow resistance is too high, the equipment cannot operate at the necessary capacity. Blockages may occur if the yield stress of the slurry is too high. On the other hand, if the flow resistance is too low, the pipes emerging from the shaft (which may approach heights of 1000 m) may be pumped dry. In this case, a vacuum can form, causing cavitation i n the pipes.
Because the type of residue often changes, different formulations are continuously developed for mixing the slurry. The general flow properties of these formula tions are determined via pump experiments in the laboratory. Advances in viscometry such as those presented in this work offer an economical alternative to conducting numerous pump experiments and measurements in the laboratory.
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